FOR the last hundred and fifty years no virus infections have been more assiduously studied than those of the pock diseases of man and animals, and at no time more persistently and fruitfully than during the past decade. It would be a mistake, however, to suppose that it is only the present-day worker who finds himself confronted with apparently intractable problems in this sphere. These same problems will be found to have been very thoroughly appreciated by the older workers of a century and more ago, though their objectives in attempting their solution were very different. To thiem, for example, it was of vital importance to secuire, by hook or by crook, a protective lymph when normal supplies failed or were unobtainable, and hence their urge to hunt for cowpox or for what was usually far more likely to come to the light of day, viz., lesions on the hands and arms of milkers which called for treatment and incidentally could be pressed into service as new sources of protective lymph. The difficulties these early workers met with still have a lesson for us when we are occupied more with fundamental studies on viruses and perhaps less with practical considerations such as vaccination against smallpox. Jenner made protection against smallpox possible and though since his time great theoretical advances have been made, and we can now with fair certainty speak of and manipulate the actual virus agent, the only advance which we can register in Jenner's sphere, and it is an advance as yet only tentatively exploited, is the rendering of Jenner's prophylactic more sthetic and acceptable by administration of the virus of vaccinia in its purest form freed entirely from associated organisms. In other respects Jenner's discovery, like that of Pasteur in another sphere, remains to-day practically unmodified. Where in the historical development of this subject, which I shall not even attempt to sketch, do we begin to find matter of the highest scientific interest to us to-day ? Undoubtedly, I think, with the practice of variolation, whose origin is lost in antiquity, but certainly goes back a thousand years or more before the Christian era. It was a discovery of the eastern civilizations of India, China, Abyssinia, &c., lands long and continuously ravaged with smallpox before the western peoples knew it and in all probability the discovery, like that of Jenner's in another connexion, was the culmination of frequently and independently observed phenomena suggesting that smallpox was not likely to be contracted twice and that infection entering the body through skin traumata ran a more benign course than usual. Several features of the variolation ritual as practised and supervised by the medicine men and priests in various eastern countries, interest us from the standpoint of modern experimental work on viruses. In India, before variolation, the subject to be inoculated had to undergo a strict dietetic regime and after the operation, which was performed upon the upper arm by placing wool dipped in smallpox secretion on a scratched surface, the patient had to live in the open, away from people, and on a light diet. The. object of this preparatory dietetic routine and its continuance after the operation was presumably to reduce the intensity of the smallpox reaction. I may say that recent experimental data are available indicating a modification of virus action and of susceptibility to virus, by deliberate restriction of diet or other nutritional disturbance. In China, we are told, the inoculum consisted of smallpox crusts mixed with musk and rolled into a pledget of wool which was inserted into the nose, while in Siam the dried infective material was simply insufflated. The material used may have bee'n preserved for many months in the dry state so that in all probability its infective power had suffered some attenuation through mere conservation. The addition of the musk containing an essential oil, acted probably in the same way as the modern bacteriostatics and the introduction of the infective material by way of the respiratory tract would suggest a knowledge of the natural site of entrance of the smallpox virus--a subject still claiming the attention of the experimental pathologist-though whether this route of introduction led, as might have been expected, to more severe infections, we have, I believe, no definite information.
Smallpox came to Europe probably round about the sixteenth century, and though it is quite likely, as Crookshank states, that variolation had been independently discovered and secretly practised by peasants in Italy, France, Wales and Scotland, it wyas its importation from the east, largely through the efforts of Lady AMary Wortley Montagu, that brought the method into prominence. Lady Mary's infant daughter was, we are informed, the first person to be inoculated in England in April 1721. This is not the place to comment on the results of variolation so far as the inoculated individual was concerned or on the attendant dangers of the procedure to the community by the deliberate spreading of an infectious agent of probably reduced virulence yet still contagious. There is little doubt, however, that fatal issues in the hands of capable inoculators were surprisingly small. The Suttons' regimen for variolation, to which was attributed their great success as inoculators, did not differ essentially from that of the eastern rituals in insisting on spare diet, cooling drinks and life in the open. It may be said, in fact, that the long-recognized necessity of paying careful attention to the state of health of candidates for vaccination in modern times is only a reflection of an old-established eastern rule. Was any genuine lasting attenuation of the variola virus achieved by the practice of variolation in human passage? There would appear to be little doubt that in so far as the local lesion was concerned it was, in the hands of certain inoculators who carefully selected their material from primary vesicles only, capable of approaching closely to that resulting from vaccination when the latter procedure came into use and had to contend for popularity with established variolation procedures ; secondary pocks might in such cases be either very few or absent. Were such human-passaged strains of variola available now, it would be of the greatest interest to determine how far, if at all, they might differ antigenically from the variola-vaccine derived by passage from man to other mammalian species. Can, in fact, the change from variola to the attenuated variant known as vaccinia take place without transference to another host ?
Variolation, an effective method of smallpox prevention, yet not without risk to the individual and the community, was essentially a product of the deductive logic of independently reasoning beings in probably many isolated communities. In this country it had a long life and survived, though precariously, into Jennerian times. Let us leave it with the remark that for all time it must occupy an outstanding place in the development of our knowledge of immunity as a way of forestalling a natural disease and robbing it of much of its power for harm.
With the advent of Jenner and vaccination we enter an entirely new field of endeavour, and one in which, for the first time, observation and experiment go hand in hand. May I quote in the laboratory language of to-day the two cardinal experiments recorded in the famous Enquiry of 1798, on which rests Jenner's claim to immortal fame? Jenner was then in his fiftieth year. Experiment 1.-AMay 14, 1796: J. P., male, 8 years, inoculated in the arm in two superficial incisions with matter fromii a sore on a dairymaid's hand contracted in the course of her work as a milker.
Seventh day: Uneasiness in axilla. Ninith day: Chill, loss of appetite, slight headache, restlessness at night. Lesions on the arm very similar to those produced by variolous matter.
Tenth day : Patient perfectly well. Local lesion disappeared without causing any trouble.
July 1, 1796: J. P. was inoculated on both arms with matter taken straight from a variolous pustule. No disease followed. Some months later patient again variolated but no take resulted. Experiment 2.-March 16, 1798. W. S., male, 5 years, inoculated with matter taken from the nipples of a cow suffering from cowpox. Patient became indisposed on sixth day. but quite well after eighth day. Local lesion similar to that of J. P. of Experiment 1.
March 28: Matter from J. P. transferred by inoculation to W. P., male, 8 years. On sixth day axillary pain. On seventh day feverish symptoms appeared like those following smallpox inoculation but lasted three days only. Local lesion resembled that following inoculation of variola. April 5 : Several children and adults inoculated with matter from W. P. Most of them fell sick on sixth day and were well on seventh, but, in three of them, secondary symptoms arose owing to an erysipelatoid inflammation appearing in the inoculated arms and spreading some slight distance from the pustule. It subsided after treatment with mercurial ointment. April 12: Matter from the arm of H. E, one of those inoculated on April 5, transferred to J. M., male, 1 year; R. J., male, 11 months; Al. P., female, 5 years; and M. J., female, 6 years.
Result.-All except one took normally. ? date : Matter from M. P. transferred to J. B., male, 7 years. Fell sick on eighth day with usual slight symptoms and without any inflammation on the arm beyond the common efflorescence surrounding the pustule.
Tests for immunity to smallpox inocutlation: Performed on date not mentioned on three of above series, viz. W. S., the first of the cowpox series, W. P., the first man to man passage, and on J. B., the fourth man to man passage. (W. P. and J. B. inoculated by Henry Jenner.)
Result.-W. S., no effect whatever. M-. P. and J. B., on second day incisions inflamed with pale surrounding inflammatory ring. On third day, inflammation still increasing and considerable itching of arms. On fourth day inflammation subsiding and hardly perceptible on the sixth. No general indisposition followed.
Simultaneous test of potency of variolouts matter used: This was done on one individual who had never had cowpox. The result was the conveyance of smallpox in the usual regular manner.
Remarks (in Jenner's own words): " These experiments afforded me much satisfaction; they proved that the matter in passing from one human subject to another through five gradations lost none of its original properties, J. Barge, being the fifth who received the infection successively fronmi William Summers, the boy to whom it was communicated from the cow." Some of you may say: But what of Benjamin Jesty ? Benjamin Jesty was a farmer who is said to have had the cowpox and who deliberately vaccinated his wife and two sons with cowpox in 1774. Fifteen years later, in 1789, the two sons were variolated along with others who had not had the cowpox. They escaped infection while the others went through the usual course. There is nothing in the story to indicate that the variolation test in 1789 was in the nature of an experiment and it was not till 1803 when Jenner's credit was well and deservedly established, that the story of Jesty was made public by the Rev. Dr. Bell, acting as Jesty's mouthpiece! To my mind the story of Benjamin Jesty is not relevant to a discussion, at this late date, of these high matters, however much it may at one time have impressed the seekers after spurious priorities and the detractors of Jenner's great achievement. Now, what was and what is this cowpox-for it is still abroad in the worldand what virtue had it that made it, as countrymen observed and Jenner experimentally demonstrated, an apparently effective prophylactic against human smallpox ? We are here in a region of old, and perhaps still smouldering, controversy, but we can now consider the matter calmly, for between our time and Jenner's lie the rise and gigantic development of the bacteriological era, with, of late, more than an inroad into the nature of those agents called viruses, of which Jenner was the pioneer student. The central truth of Jenner's discovery we can appreciate now more clearly than Jenner, with all his enthusiasm and confidence, did himself, or his many detractors, only too eager to seize on apparent anomalies, discrepancies, and failures in his method and practice, that to us are plain. It is a fact that though cowpox was, as Jenner says, a traditional malady of the countryside both among cows and among milkers, the first clinical account of it in any language appeared in Jenner's famous Enquiry, from which I have quoted. It is not a very full account, but in some respects it was extraordinarily far-reaching in its scope, in that he claimed to descry the very origin of cowpox. Here perhaps he was only following the custom of the time which always demanded that some consideration be given to origins, but it is fairly clear that the name he gave to the disease in the title-page, viz. the variolae vaccinae, was deliberately chosen to indicate to the world at large that the cowpox owed its protective merits to some kind of affinity with smallpox. To give it a name that might suggest an entirely different affinity would have only confused a world that understood and appreciated the meaning and purpose of variolation.
The Enquiry begins with an admirable preamble obviously designed to warn the reader of the dangers that lurk in any too close association of man with animals. It has still a lesson for us, as recent discoveries in the virus field only too clearly teach. " The deviation of man from the state in which he was originally placed by Nature seems to have proved to him a prolific source of diseases. From the love of splendour, from the indulgences of luxury, and from his fondness for amusement, he has familiarized himself with a great number of animals which may not originally have been intended for his associates. The wolf, disarmed of ferocity, .is now pillowed in the lady's lap; the cat, the little tiger of our island whose natural home is the forest, is equally domesticated and caressed. The cow, the hog, the sheep and the horse are all, for a variety of purposes, brought under his care and dominion." Such an incursion into Natural History was to be expected from the man who had been the friend and pupil of John Hunter and whose original observations on the habits of the cuckoo are said to have gained him entrance to the Royal Society nine years before.
Jenner passes immediately to refer in brief to a disease of the horse known to farriers as "the grease," and described by Jenner as " an inflammation and swelling of the heel." Infective matter conveyed on the hands of attendant horsemen to the teats of cows-for both horsemen and dairymaids took part in the milking of cows in Gloucestershire-produced in the nipples of cows a vesiculo-pustular eruption known as the cowpox. From such cows, which exhibited symptoms of indisposition and diminished milk-production, the contagion spread to other cows in the dairy and to the milkers themselves, who would freauently suffer from a troublesome constitutional disease accompanied by sores on the fingers, harnds, arms, and other parts, which only slowly healed.
Thus, tbree clinical entities, the grease in the horse, the cowpox of the cow, and the casual cowpox in man, are by Jenner aetiologically connected and strictly in this order of passage, for Jenner believed that horsemen only rarely contracted sores on the hands directly from the horses whose lesions they dressed. " It is curious," he writes, " to observe that the virus which, with respect to its effects is undetermined and uncertain previously to its passing from the horse through the medium of the cow, should then not only become more active, but should invariably and completely possess those specific properties which induce in the human constitution symptoms similar to those of the variolous fever (he is alluding here to the casual cowpox in milkers) and effect in it that peculiar change which for ever renders it unsusceptible of the variolous contagion." " May it not then be reasonably conjectured that the source of the smallpox is morbid matter of a peculiar kind generated by a disease in the horse, and that accidental circumstances may have again and again arisen, still working new changes upon it until it has acquired the contagious and malignant form under which we now commonly see it making its devastations among us ?" An interesting mixture, you will say, of creationist and evolutionist doctrine.
There is no doubt that the sequence-grease, cowpox in the cow, and cowpox in man-was a perfectly genuine sequence in Jenner's own experience, but loath as Jenner was to abandon his idea of the equine origin of the smallpox contagion, he found that accumulating evidence interfered with his view that spont'neously appearing cowpox was a spurious form and that horsemen could be infected only indirectly. The story of the grease, indeed, gave rise to much perplexity in the minds of Jenner's followers and detractors. As one disgruntled antivaccinator of the year 1800 remarked: "What a hotbed of pestilence has been raised out of a crack in a horse's heel."
What do we make of this story now? The first inkling of a solution came from some experiments of John Loy, who, in 1801, showed that there was grease and grease, one kind that was communicable to man and cow and another that was not.
The grease that was communicable came from horses in which the local inflammatory condition of the heel was only part of a more general exanthem, while the noninfective grease might be any sort of banal inflammatory condition in the region of the heel. It is unnecessary to pursue the grease story further as it is all quite clear to us now, though it is only in recent years that what has been termed the grease has been shown quite definitely to be one of the local manifestations of horsepox or contagious pustular stomatitis. As a matter of fact Jenner himself some years before his death (1823) had been keenly interested in stocks of equine lymph raised from sources of borsepox in this country, but more especially in France and Italy, where the disease was not uncommon.
The grease, therefore, is no longer a problem. As horsepox, however, it takes its place with cowpox in a common problem still unsolved. Are these diseases sni generis, or are they, wherever they may be found, due invariably to unwitting variolation or vaccination of the horse or cow by the hand of man ? For a century this question has been keenly debated and it would seem from a perusal of current textbook opinion that unanimity had been reached in postulating for these diseases a purely extraneous origin. They would, in fact, wherever found, be man-induced and never sui generis and spontaneous. I confess I have never been satisfied with the evidence supportinag this view. Before the days of vaccination individual instances of cowpox prevalence would, in conformity with the conventional view, be ascribed to variola or variolation and in post-vaccination days, either to variola or vaccination. Now, while fully admitting the difficulties that all inquirers up to the present day have experienced in securing reliable circumstantial evidence of the local facts and incidents of cowpox prevalence, I find it quite impossible to take what local and temporal correlations have been unravelled between cowpox on the one hand, and variola or vaccinia in the immediate vicinity on the other, as affording really serious evidence in support of the conventional view. In a masterly description of cowpox in the Vale of Aylesbury by Robert Ceely in 1840, some of the points he makes are of the greatest interest to us in this connexion. Let me enumerate a few. (1) Cowpox occurs at irregular intervals and genrally at the beginning or end of spring. (2) It is occasionally epizootic but amore commonly sporadic.
(3) For many years the spontaneous origin of the variole vaccin. has not been doubted here. (4) One hears about cowpox only if a milker requires surgical assistance, and there is great difficulty in getting information even in the. very neighbourhood where it arises. (5) Cowpox has occurred (a) during epidemic smallpox, but when no cases have been in the neighbourhood; (b) when smallpox has been in neighbouring towns or in contiguous villages or in the same village, "but," he says, " I have never succeeded in tracing positive or probable intercourse of convalescents from smallpox, their friends or attendants, with a dairy or its occupants except in one doubtful instance when the milker had carried a child some miles, labouring under modified smallpox."
Baffled in his efforts to secure direct circumstantial evidence, Ceely attempted the direct variolation of the cow, but in this sphere he was only among the first of a long succession of workers who in this and other countries essayed the direct transformation of variola to the attenuated form vaccinia. This story of the variolation of bovines I do not propose to traverse. Failure rather than success was the rule, but the upshot of the whole matter was that variolation of the cow or calf was a practicable if difficult proposition. When it was successful, by direct or indirect means and artifices, such as the use of intermediary animals like the monkey and rabbit, a new source of vaccine lymph became available and recourse to casual cowpox rendered unnecessary.
I shall not trouble you with details of efforts, not invariably successful, which my colleagues and I have made at various times in recent years to secure a vaccinialike variant from variola of the alastrim type in this countrv, by rabbit passage alone or monkey passage followed by rabbit passage. I may, however, refer to some points in connexion with this adaptation problem because in virus studies at the moment, artifices to secure adaptation to otherwise refractory species for various purposes, are of increasing importance and interest. In the first place it would seem probable that little or no selection takes place in the course of monkey passage. The exuberant exanthem always obtained by direct passage from the skin of man to that of monkey is still in the main variolar and capable of producing smallpox if an unvaccinated person should inadvertently come in contact with it. The real trouble comes, however, when the monkey material has to be passed to the rabbit, and it is doubtful if there is any royal road to success. The monkey material, like the human material, produces invariably, when inoculated into the rabbit dermis, an inflammatory node which is specific in that a mixture of the same material with antivaccinial serum produces no response. This I showed in 1924. For a short series of passages the virus can be kept going from dermis to dermis, but attempts to secure good surface takes on the scarified skin of the rabbit with dermal material generally fail. Recently, my colleague, Dr. Amies, by employing testicular passage of variola in the rabbit, followed by successive passage on the scarified skin, succeeded in securing a stable variola-vaccine strain. There is one interesting phenomenon which may be expected to show itself in adaptation essays and has, I am sure, a profound bearing on the variola-vaccinia transformation. Some years ago my colleague (Dr. McClean) and I,' showed that a strain of vaccinia which was completely adapted to the dermis of the rabbit lost, practically entirely, its capacity to proliferate on the scarified surface and, vice versa, a strain cultivated for long periods on the surface skin could only with difficulty be maintained in passage from dermis to dermis, at any rate during the early passages. Recently Barg and Rudenko (1935) 2 have also studied this phenomenon and have recorded very similar 1 Brit. Journ. Exp. Path., 9, 216. Z. f, Irnmnunitat8f., 85, 370. 6 78 findings. We do not yet know what are the precise selective factors in the various tissues which influence the nature and function of the resulting variant, but it is remarkable that such slight differences in seed-beds for implanted virus can modify so profoundly its functional properties. No doubt we shall have to study this question of virus adaptation on lines so profitably employed in recent years in connexion with bacterial variation. There is at present what would appear to be a strong element of chance, for we know that on occasion variola has been made to yield a vaccinial variant without great trouble by direct passage to the skin of rabbit or calf.
I may say that there has been no difficulty in passing to the rabbit material from two or three cases of milkers' nodes or casual cowpox in this country. Material from the udder lesions with which the milkers were associated yielded lesions so heavily charged with contaminating organisms of bovine origin that the strain could not be propagated. It seems certain that some of the alarming lesions described as occurring at the first passage of cowpox to man, were due to this complication. Later passages from man to man were likely to go smoothly. It is recorded that Benjamin Jesty, the hero of Edgar Crookshank and whose portrait he had the effrontery to reproduce as a frontispiece to his great work on the history of vaccination, vaccinated his wife with cowpox by aid of a stocking needle. The result was a very bad arm which alarmed the neighbourhood.
To return to cowpox from this digression to adaptation problems, the fact that human variola could, though with difficulty, be made to yield a variant pathogenically similar to fully adapted cowpox and, like it, capable of conferring immunity to smallpox has been one of the strong arguments in support of the view that cowpox is not an independent clinical entity and the result has been to ignore cowpox as a mere side issue. But cowpox cannot be ignored or forgotten for, as I have said, it is still with us.
We have had in quite recent years excellent reports of cowpox prevalence in Austria and in Holland. Dr. Kaiser and his colleagues' of the Vienna lymph station published a series of papers on the cowpox prevailing in Austrian farms and with the milkers' lesions with which it was associated. He comments, as Ceely did nearly a hundred years ago, on the difficulty of getting information about cowpox. The farmers, he says, are ashamed to declare its existence, as the sale of their milk would be prejudiced, and it was only when the milkers contracted these troublesome vaccinal lesions on their hands and arms which called for treatment, that attention was drawn to the underlying cause. In Kaiser's opinion, cowpox is probably far more common than people believe. The number of cows involved in the individual outbreaks investigated by him was often considerable, and in view of the disturbance to the milk trade and the troublesome vaccinal affections to which the milkers were exposed, steps were taken to vaccinate cows on a large scale with ordinary vaccine lymph. This measure had excellent effects in reducing the prevalence of the disease in farms formerly infested as also of the associated milkers' lesions.
Frenkel's4 experience of cowpox in Holland as related to the International Veterinary Congress in London in 1930, was very similar. He gives an interesting description of five outbreaks of cowpox at different places in the course of one year, but he is convinced, he says, that many more must be occurring in Holland which are deliberately concealed. The cowpox infections of the milkers were often very severe, the local lesions on the fingers, hands and face being accompanied by a feverish lymphangitis and axillary lymphadenitis. These lesions, which accompany cowpox infection in man, are of considerable interest at least from two points of view. In the first place, though it is usually possible to demonstrate by rabbit passage the " vaccinal " character of the commoner types of lesion, there occur certain types of the hard chronic cherry-red node which would seem to have an entirely different tetiology, and are possibly to be related to the peculiar paravaccinia lesions described by v. Pirquet in 1915 as occurring particularly in revaccinations and believed by him to be due to an entirely independent virus. Lipschiitz investigated the histology of these peculiar nodes and found that the cherry-red colour was explained by the numerous thin-walled capillaries pervading the lesion. Moreover, the epithelial cells contain numerous acidophile inclusions, giving a picture not unlike that of the fowlpox lesion with its Bollinger bodies. Kaiser was of opinion that certain milkers' nodes encountered and investigated by him closely resembled the paravaccinia picture. Further work, however, is necessary on this subject, if the appropriate material can be secured. The other point of interest in these milkers' lesions of the frankly vaccinal type is the fact of their occurrence iu vaccinated persons. Jenner, in his original Enquiry, made public the fact that cowpox, while giving protection against smallpox, did not always protect against itself, and that milkers in association with cowpox were liable to repeated attacks of this disease. His contemporary, Pearson, promptly took up this statement of Jenner and concluded from his own observations and others communicated to him that certainly the local skin affection of cowpox might occur in the same person more than once, but he made the shrewd remark that it had still to be settled whether second attacks were accompanied by constitutional symptoms. We have here, as you will agree, the nucleus of allergy and the accelerated reaction. Kaiser also noted that vaccinated milkers were liable to contract cowpox lesions about the fingers, of the paronychial type, resembling those that occur, as is well known, in workers in institutions where vaccine lymph is produced. Now in these quite recent outbreaks of cowpox in Austria and Holland, what evidence was there of association with recent vaccinia in vaccinated man? This question was very carefully looked into both by Kaiser and by Frenkel, but neither was able to assign a possible origin of any of these outbreaks in recent human vaccination. In spite of his absolutely negative findings in this respect it is remarkable that Frenkel expresses his adherence to the belief that most cases of natural cowpox are due to infection from newly vaccinated men. One would think there was a sort of conspiracy to bolster up at all costs the conventional view that cowpox is not a disease sui generis. Personally I consider the matter entirely non-proven and so far as the epidemiological and circumstantial evidence in support of the secondary origin is concerned, it seems to me extremely weak. That cows and horses can be variolated with difficulty or vaccinated with ease cannot be used as a strong argument against the spontaneous origin of horsepox and cowpox if the circumstantial evidence is faulty, and it is here that I approach, but only tentatively, a way out of this impasse, though much would depend on the securing of the necessary material from interested veterinarians. The mere fact that variola, cowpox, and horsepox, can be made to throw off a type of variant possessing apparently similar properties--in fact, a sort of least common denominator which we designate vaccinia-in no way indicates identity of constituent antigen in the serological sense. The methods we have been able to apply so far to the determination of affinities between clinically allied viruses, such as cross-protection or mutual neutralization of response with the corresponding antiviral sera, can at the best afford evidence only of some definite community of antigen. On this basis variola, cowpox, and horsepox would be closely related, but I consider that the experimental evidence supporting affinities between variolavaccine, on the one hand, and sheeppox and fowlpox, on the other, is far from satisfactory. I have no experience of sheeppox, but so far as fowlpox is concerned my own work yielded no evidence whatever of cross-protection between vaccinia and this disease of the fowl. It is possible that antiviral serum, which is largely used in work of this kind, may bring to light only broad affinities between virus antigens, 81, whereas immune sera prepared from the pure elementary bodies of these pock diseases and used in agglutination and agglutinin-absorption techniques, may yield much finer distinctions. The time, I think, is ripe for a great extension of this kind of work in elucidating affinities between viruses. Some years ago I was able to show that a serum which agglutinated the elementary bodies of vaccinia had no action on those of fowlpox and vice versa, thus confirming the negative results of cross.protection. Amies reported that the serum of the smallpox patient, while capable of agglutinating the elementary bodies of variola, had little or no action on those of vaccinia. On the other hand, monkeys hyperimmunized with variola antigen developed agglutinins in their sera both for variola and for vaccinia. With the aid of antiviral sera Sabin recently showed that some common partial antigen was possessed by that trilogy of viruses, herpes labialis, pseudorabies and the B. virus. The subject, however, is quite young and it may be long before we are able to map the antigen mosaics of clinically allied viruses such as those we have been discussing, on lines so profitably followed of late in the Salmonella, Brucella, and other groups. There is little doubt that while all these pock diseases may have evolved from a common source, some of them, like sheeppox and fowlpox, have become so adapted to particular hosts that the detection in them of a common partial antigen may be achieved only by careful serological analysis. It may perhaps be conjectured that the so-called " attenuated " variant known as vaccinia stands towards variola in the sort of relationship to which the rough non-virulent but Vi-antigen-containing variant of B. typhosus stands, in Felix's view, to its smooth virulent parent. For prophylaxis against virulent strains only the possession of a Vi-antigen would seem to be essential.
We need no longer suppose that the specific " vaccinia'" antigen is identical in quality and distribution in the various " vaccinial" derivatives of natural pock diseases. We have indeed of late become too familiar with functional variations in the " vaccinia virus " itself-I may, for example, refer to the neuro-testicular variant -to make this assumption.
In conclusion, you will perhaps allow me a few reflections on some points which have struck me very forcibly while preparing material for this address to a Section of Comparative Medicine. For my text I have gone back 140 years to the beginnings of those virus studies which in the last two decades have taken on a new life. What distinguishes the comparative pathologist of the present day from the pioneers of a century ago is the overwhelming advantage the former possesses in his armamentarium for the application of the experimental method. Supporting that armamentarium is the lore of the cell, with all that that implies, and the completely new outlook that the development of bacteriology gave to the inquirer trying to break fresh ground. These helps, our pioneers had to do without, but can we say that their work suffered very greatly in its intrinsic value on this account ? I think not. When one reads, for example, the masterly clinical studies of an infectious disease by men of the standing of Robert Ceely one cannot fail to be deeply impressed by their highly cultivated powers of observation, their capacity for reasoning from clinical premisses and I might add, with envy, the leisurely preparation of their published work in English undefiled. I sometimes feel that the very facility of the experimental method in these modern times is too often reflected in the premature publication of undigested or misinterpreted experiment. On the other hand, too often the morbid anatomist and histologist fails to realize how necessary it is for him to apply the experimental method wherever possible if his work is to interest a generation that craves for experimental demonstration.
To define the scope of experimental pathology is no easy task, but at any rate the experimental pathologist-and would that there were more of them-can usually be recognized from his methods of attack on problems and an outlook that comes from constantly realizing and satisfying the widest implications of experiment. I should like to leave with you some sentiments borrowed from Robert Ceely, Surgeon to the Buckinghamshire Infirmary, writing in the year 1842.
" The knowledge of the diseases of animals, when it becomes more advanced, will contribute to diffuse new light on the diseases of man and perhaps bring to perfection methods of cure and prevention owing to the facility of multiplying on the inferior animals experiments which we cannot attempt on man. In the department of comparative pathology comprehending the exanthemata much remains to be accomplished, notwithstanding its diligent and successful cultivation in some parts of the Continent since the time of Jenner. What has hitherto been effected there cannot suffice, however, to supersede, much less to paralyse, the efforts of his countrymen. But they must arouse themselves and no longer exhibit a practical indifference to the researches to which he so successfully devoted the energies of his great mind."
We. can, I think, at a century's distance from Ceely's time, truthfully and thankfully say that the edifice whose foundation was laid by Jenner is still in the hands of the decorators.
